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INTRODUCTION 
High and low populations of the black-headed budworra, 
Aclerls variana (Pemald) on western hemlock, Tsup:a heterophylla 
(Raf.) Sarg. and Sitka spruce, Picea sitchensis (Bong.) Carr., 
have been recorded since 1917 in the coastal regions of south¬ 
east Alaska. Presumably periodic extensive defoliation covering 
millions of acres occurred pich earlier (Downing, i9601). This 
section of Alaska is composed mainly of mountainous islands with 
commercial timber reaching to an elevation of about 1500 feet. 
Preliminary Survey I960 
The writer worked throughout the southeast portion of Alaska 
during the summer of I960, collecting forest insect pests along with 
their parasites and predators. The main emphasis in this work was 
placed on the survey of the black-headed budworm. The survey af¬ 
forded an excellent opportunity to become acquainted with the en¬ 
vironment and habits of the budworm. Pbrty-eight eighteen inch 
branch samples were taken exclusively for the elevational study. 
Approximately 1000 samples were taken throughout the summer. The 
data obtained regarding the influence of elevation did not indicate 
any population or infestation trends. However, one mountain climbed 
and sampled at 200 foot intervals up to the 2400 foot elevation showed 
no budworms above 800 feet. However, some damage was observed on 
1. personal conversation 
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other mountains at 1000 foot elevation* 
Objectives 
The objectives of this study were to compare the develop¬ 
ment of the black-headed budworm with: 
(1) aspect and elevation 
(2) weather changes 
(3) phenologies! data 
A knowledge of variations in development at different aspects and 
elevations should aid survey operations and control procedures 
against this insect. Information obtained from the fringe sample 
station (Figure 13) should decrease the time and cost encountered 
in survey operations. Data from phonological and weather studies 
may help the non-entomologist predict timing of budworm development 
over the southeast Alaskan range of this insect (Wagg 1953). 
ANALYSIS OF LITERATURE 
History 
The black-headed budworm was first encountered in the state 
of Maine by Or. C. H. Femald in 1881. The new species was described 
by Femald in 1886 as Teras variana (Packard 1886). The common name 
was given as the black-headed spruce budworm, now called the black- 
headed budworm. The species was located in the family Tortricidae 
and was transferred from the genus Teras to Perona by Qyar in 1902 
and to Asleris in 19^3 by Heinrich. 
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Distribution 
The range of the black-headed budworm is within the Boreal 
forest of North America from the Atlantic to the Pacific coast. 
High populations and infestations hare been recorded on the coast 
of southeast Alaska, British Columbia, and Washington. In the 
state of Washington recent infestations hare occurred mainly on 
the Qlyu^pie Peninsula. Infestations also hare been recorded at 
higher elerations, 6000 feet as far south in the Rocky Mountains 
as northern Utah (McCambridge & Downing I960, Carolin, Cole, Coulter, 
Downing, McCambridge, Silrer 1961^). 
The wide distribution supports a wide seasonal rariation in 
derelopment. Brown and Silrer (1957) report that in 1956 the bud- 
worm hatched on or before May 17 and all eggs had hatched by June 
12. This report occurred approximately 700 miles south of the 
location of the author* s research project. The egg hatch in the 
author* s report occurred in the first week of June. Hbwerer, when 
comparing the dates for fifth instar and pupal stage peaks, both 
locations were rery close by date. 
Host Trees 
The host trees east of the Rocky Mountains in both Canada 
and the United States include Picea rubra Link.,red spruce; P. 
marl ana (Mill.) B.S. P., black spruce; P. glauca (Moench.) Voss., 
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whit© spruce; and Abies balsamea (L.) Midi*, balsam fir, the 
latter being the preferred host. The major distribution of 
these trees is in Canada. In western Canada and the United 
States west of the Rocky Mountains the preferred host is Tsuga 
heterophylla (Raf.) Sarg., western hemlock, with records of de¬ 
foliation on Abies amabilis (Dougl.) Pbrbes, pacific silver fir; 
A. grandis (DougL.) Lind., grand fir; A. lasiocaroa (Hook.) Nutt., 
alpine fir; Pseudotsuga monztesll dougLas fir; Picea engelmanni 
Parry ex Ehgelm., engelmann spruce; Tsuga inertenslana (Bong.) 
Carr., mountain hemlock; and Picea sitchensis (Bong.) Carr., 
Sitka spruce. In southeast Alaska two species exist on which the 
budwora extensively feeds, Sitka spruce and western hemlock, the 
latter is the preferred host measured by larval population and by 
the adults for egg deposition. The feeding of the larvae is con¬ 
fined to the current years1 foliage as long as it is available. 
During severe infestations the budworm will feed on both the current 
and old foliage (McCambridge & Downing i960). The population is 
maintained In greater abundance on the western tree hosts perhaps 
indicating a host preference over eastern conifers. 
General Biology 
The budworm overwinters in the egg stage and completes its 
life cycle In one year. The eggs are usually laid singly on the 
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underside of needles during August, September, and October, 
Seasonal variations In the weather will advance or retard egg 
deposition. In southeast Alaska the larvae hatch in late May to 
early June and bore into the dormant or expanding buds. Dead 
foliage can be seen at the tips of the expanding buds as the 
larvae feed in concealment. As the larvae develop, needles are 
webbed together and the larvae continue feeding in concealment 
on the new foliage. Dead foliage becomes more readily visible 
as increased feeding occurs with larval development. The larval 
feeding period ranges from one and a half to three months depend¬ 
ing upon seasonal weather variations. There are five instars 
during the larval period. Pupation takes place during August, 
and the pupal stage lasts for approximately 14 days with individ¬ 
uals overlapping in length of stage for one month or more. 
Pupation takes place in the trees within the dead foliage which 
is webbed together by the fifth and last instar. Some pupae are 
found in uneaten foliage webbed together by the last instar larvae. 
The adult moths emerge in late July to mid September depending upon 
the seasonal weather variations. The moths do not feed after 
emergence. After mating the females were observed laying eggs 
approximately one week after emergence (24cCambridge 1952-56, Brown 
and Silver 1957, Me Cambridge and Downing I960, Downing 1961), 
6m 
Importance 
The black-headed budworm is Important throughout much of 
its range* It is known to cause substantial loss in annual growth 
of host trees. Damage from heavier populations on the west coast of 
Washington, British Columbia, and in southeast Alaska have shown 
large losses to the pulp and lumber industry. Federal, state, and 
private owners of forest lands are deeply interested in the control 
of tliis forest pest. Research is being carried out jointly between 
United States and Canada for control of the defoliator (Downing, 
Silver 19&>*» He Cambridge 1952-56). 
Abundance 
Evidence of an infestation varies from year to year depending 
on the abundance of budworms. The first instar larvae bore into the 
buds and dead foliage becomes visible at the tip of the expanding 
bud a few days afterward. Larval damage may cause stunting of the 
shoots inducing the larvae to migrate to new buds and expanding 
shoots producing increased damage. In six: to eight weeks the larvae 
reach their fifth and final instar (Figure 4). During development 
the larvae web the dead needles on the branches producing a reddish 
brown color to the foliage. When aerial views of damage from heavy 
infestations are seen the forest appears to have been singed by a 
light crown fire (pictures 7 and 8). The discolored foliage falls 
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from the tree during the winter months closing the bare tips as 
evidence of budworm damage* Unless defoliation is repeated in 
the following year the trees will survive with the loss of a few 
branches* Several feet of the tree top may be lost during a severe 
budworm attack depending upon the amount of defoliation (Downing, 
1957). 
METHODS AND CONDUCT OF STUDY 
Materials and Methods 
Living accommodations and laboratory space was supplied by 
the United States Forest Service, USDA aboard a houseboat* On May 
5 a Forest Service work boat towed the houseboat to the research 
location at the mouth of the south arm of Cholomondeley Sound, 
(map ii)« The work boat supplied the houseboat with the necessary 
fuel and equipment throughout the summer* On October 20 the house¬ 
boat was towed to Hollis, Alaska for winter storage* Mail, food, 
and supplied were flown into Cholmondeley Sound every week or two 
from Ketchikan, Alaska by a private air transportation coup any 
using 180 Cessna float planes* The houseboat was approximately 
forty miles west of Ketchikan. 
Transportation equipment and fuel was supplied by the 
United States Sbrest Service. A 16 foot boat with two 18 horse¬ 
power outboard motors was supplied* One of the outboard motors 
served as an auxiliary in case the other failed to operate. The 
distance to the aspect sampling areas was in the vicinity of 
&» 
3 to 8 miles. From 15 to 45 minutes was allowed for travel time. 
This lengthened with bad weather* 
V 
One assistant worked on the project at a time, while three 
assistants were employed throughout the summer's field research* 
The first assistant, James E. Mulcahy, an experienced tree climber, 
was employed from June 5 to July 12, On July 12 an unfortunate 
accident occurred when Mulcahy fell from a hemlock tree fracturing 
his backbone and seriously damaging his spinal nerve cox'd. This 
accident prevented data collection from the sampling stations 
from July 12 to July 20. On July 21, the author returned with 
the second assistant, Gary Tunings* From July 24 to August 31 
all climbing in search of budworm larvae, pupae, and adults was 
done by the writer* On September 5 the third and final assistant 
was employed to aid in the egg deposition and population research. 
The third assistant, Kim Port, completed the field work October 20 
and worked at the Northern Fbrest Experiment Station compiling 
data for three weeks and terminated on November 10. 
The climbing equipment (Illust. picture 10) per man consisted 
of 120 foot of grade A half inch manila tree rope, safety saddle, 
safety rope, and climbing irons* The rope was quickly checked 
each day and closely checked once a week for breaks or weakening 
of the manila hemp. The 120 foot rope was replaced every 3 to 4 
weeks. The climbing irons with aluminum shank and detachable 
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steel tree gaffs were purchased with heavy pads to protect the 
leg, Files were used to keep the gaffs sharp, A safety saddle 
made of nylon was used for supporting the body while searching 
for budworm in the tree crown# Safety snaps were used to attach 
the end of the tree rope to the saddle and to attach an adjustable 
safety rope to the saddle. All snaps and rings on the saddle and 
safety rope had been x-rayed for possible metal flaws. 
Preparation for climbing consisted of attaching the climbing 
irons to heeled boots (preferably caulked boots) and the tree rope 
and safety rope to the saddle with the safety snaps. *1116 climber 
would hold himself around the tree trunk with his arms while 
climbing unless the trunk's diameter was large enough to warrant 
the use of the safety rope which was passed around the trunk and 
used to support the climbers weight when in the process of climbing. 
When the climber reached the center of the top one-third of the 
tree crown the safety rope was passed around the tree bole with 
both ends attached by safety snaps to his saddle. Here at the 
desired tie-in point the end of the 120 foot tree rope was passed 
around the tree bole at the base of a branch. The end of the tree 
rope was attached to the saddle by a safety snap and a taut-line 
hitch was tied for a resting hold in the tree while sampling and 
for descending after sampling was completed. If the climber was 
above 60 feet from the ground a second tie-in and taut-line hitch 
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was required to complete the descent• (must. 9)* 
Study Area 
The Tongass national £brest of southeastern Alaska 
totals over 16 million acres which is about 70 per cent of 
the total forested area in southeastern Alaska (map 1). Most 
of the land in this area is owned by the government and admini- 
stored by the Forest Service, 
The all-aged forest is composed of a mixture of western 
hemlock; Sitka spruce; western red cedar. Thuja plicata D, Don; 
and Alaska cedar, Ghamaecyparis nootkatensis (lamb) Sudw. • 
Muskegs and peat bogs are scattered throughout the southeastern 
part of Alaska. Dwarfed coastal-form lodgepole pines, Pinus 
contorta Loud, are common on such sites. Mountain hemlock 
occurs in low muskegs, as well as on alpine slopes. At alti¬ 
tudes higher than 3000 feet in southeastern Alaska it becomes 
a prostrate shrub. The forest is composed of about 73 per cent 
western hemlock, 21 per cent Sitka spruce, and 3 par cent each 
of western red cedar and Alaska cedar (Taylor & Little 1950). 
The forest is usually dense, but an understory of shrubs 
and young trees may exist where stands are more open. The com¬ 
mercial species, mainly western hemlock and Sitka spruce, extend 
from sea level to about 1500 feet elevation. The forest climate 
is mild and cool. The temperature generally does not vary more 
than 10° Fahrenheit during the day. The main reason for the 
oonstant temperature is the influence of warn ocean water 
carried by the Japanese current and dense cloud cover. Both 
the water and dense clouds tend to keep a uniform moderate 
temperature which may regulate the speed of development of the 
budworm. The precipitation varies from 40 to 160 inches annually 
with recordings of over 200 inches in some years. 
The location of the study area was on Prince of Wales 
Island in Cholmondeley Sound (maps 1 & 2). This Sound area has 
two arras of water, south and west arms each approximately 10 
miles long. The land bordering the south and west arms provide 
excellent slopes for studies related to aspect. The slopes were 
quite uniform averaging nearly 40 per cent. The approximate 
distance to 1000 feet elevation was one-half mile on all aspect 
site lines. Bordering both arms are mountains of 2000 feet ele¬ 
vation or more running parallel with the arm. It was desirable 
to have elevational ranges of over 1000 feet in order to check 
the influence higher elevations might have on budworm development 
The timber type in Cholmondeley Sound is composed mainly 
of western hemlock, the preferred host of the budworm. Another 
advantage was the accessibility to and from the sampling stations 
Cholmondeley Sound afforded wasy water access to all aspect 
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sampling station site linos. Th© field laboratory and living 
quarters were located between the two ama to decrease the tine 
Involved In traveling to the sailing station site lines (map 2}* 
Ihe Owlnondeley Sound area was surveyed during the egg 
stage In the spring and fall of I960 and in the spring of 19&U 
Iho resulting high lnsoct counts Indicated a favorable area 
for the 1961 study* After the field laboratory and living quarters 
nor© established at CbolmondeLoy Sound a more Intensive egg survey 
was umlortaken to locate the highest population count on each of 
the four aspects* "die site line fbr elevation sailing was than 
established at the location of tho highest population count if 
other requirements wore favorable* 
iKgMeieSfcf 
The weather instruments* recording hygro thermo graphs and 
wedge-shaped plastic rain gauges* were placed at each aspect just 
above high tide near the DO feet sailing trees. 'Iho hygro thermo¬ 
graph© wero placed Inside louvered weather shelters under the forest 
canopy. Tho plastic rain gauge® were placed on the beach 20 to 30 
foot from tho fringe tree®* The hygrothemogra^h charts were 
changed weekly and rain cumulation was also measured weekly. A 
U.S. Weather Btsroau standard rain gauge was placed cm a log raft 
near the houseboat laboratory t&ich was recorded daily at 8 a*m. 
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All instruments were checked before being installed in weather 
shelters against each other and maximum and minimum thermometers 
were placed in the weather shelters for weekly check On the 
- temperature recordings* The humidity recording was checked by 
saturating the sensitive hair elements at monthly intervals or 
as needed* All data from charts and gauges were transferred 
to field information sheets* 
location of Stations 
Four sampling stations were located on each aspect or 
cardinal compass directions. Two of the stations were located 
at sea level (fringe & 00 feet elevation)* The reason for two 
sample stations at sea level was to compare sampling techniques 
and budworm developmental rates between fringe and 00 feet ele- 
• vaiion* The fringe sample was taken from the tree foliage that 
was exposed to the beach at ground level. The 00 feet elevation 
sample was taken in the top one-third of the tree crown. The 
third station was located at 500 feet elevation and the fourth 
at 1000 feet elevation. Both 500* and 10001 elevation were 
sampled in the top one*third of the tree crown (figure 13). 
Thus a total of 16 stations were established on the four aspects. 
It is postulated that the data recorded for budworm 
development could possibly be representative up to 1500 feet 
elevation, the limits of commercial timber. The elevations above 
sea level were estimated with a barometric altimeter. This 
instrument had been calibrated and checked for accuracy. 
Several trees in the sampling area were selected within a 50 
yard radius, but only 2 or 3 trees at each station were used 
for the sampling. The fringe area on the beach exposure 
required 5 or 6 trees to obtain sufficient budttom count. All 
trees used for sampling were marked with colored plastic ribbon. 
Sampling Sites 
The western hemlock was the only species sampled in this 
study. In the beginning of the study some dominate and co-dominate 
crown class trees were sailed. Dominant and co-dominant trees 
were soon discontinued as sample trees and only intermediate 
crown class were used because the larvae were the most numerous 
and most easily located in trees of this crown class. The inter¬ 
mediate crown class trees were smaller, consequently decreasing 
the time required to climb them. The developing budworm larvae 
were counted from the branches in the upper one-third of the tree 
crown. The branches were examined for budworm, beginning with 
the branch tips and working toward the main stem of the tree 
to locate the egg, larvae, and pupae stages of the budworm. The 
fringe trees were sampled from the ground, and available branches 
that could be reached were used on the side exposed to the sea. 
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Sampling Stations 
The sampling stations were visited every seven days, 
north on Monday, south on Tuesday, east on Wednesday, and west 
on Thursday. Sampling began at the 1000 foot elevation and 
extended down to 500 feet, 00 feet, and the fringe. At each 
of the sampling stations, excluding the fringe, the author and 
his assistant each climbed a tree. After July 23 only the 
author climbed trees. The climber remained in the tree crown 
searching for and counting budworm larvae for one hour or until 
40 budworm had been counted regardless of stage. 'The climber 
also examined the larvae for instar stage and recorded the 
number in each stage* Plastic colored ribbons were tied to 
the twigs where budworm larvae were located. The ribbons were 
discontinued after the second instar since the larvae were 
migrating. However, the ribbons did enable the climber to 
relocate previously counted larvae prior to the second instar 
peak and therefore speeded up the sampling operation during 
that time. 
Counting 
Egg sampling using the procedure developed by Sliver (1959) 
was continued from May 22 until hatching was complete. Difficulty 
was encountered in locating 40 eggs at each location, however larval 
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counts of later instars at each location became much easier. 
Difficulty occurred in the early weeks of counting and 
searching for the 1st instar budworm larvae. The first larvae 
encountered were considered 1st in star and hatched eggs were 
counted as first instar larvae if the larvae were not near the 
hatched eggs. The 1st instar larvae were difficult to locate 
/ 
because they had bored into expanding and swollen hemlock buds 
and were concealed. 'Ihe second week the buds had opened and 
dead pieces of foliage left from feeding were obvious at the 
tip of the infested buds. The second instar was considerably 
easier to locate and no difficulty occurred after the first instar. 
Larvae that were obviously attacked by micro-organisms, 
predators or parasites were not counted because of abnormal delay 
in development. Since the larvae pupated among the webbed needles, 
pupal counts were made in the tree crown. Adult emergence was 
determined from pupal skins. Numerous adults were flying in the 
last week of August. When approximately 50 percent adult emergence 
had occurred the elevation and aspect development of the budworm 
was terminated. 
Staall plastic cards, marked with lines indicating average 
head capsule width, were used to identify larval instars when 
counting. Ihe head capsule widths of instars were originally 
determined by McCambridge (195**b) (Illust. 3). Held recognition 
of instars with the aid of the rule gauge was not difficult 
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especially when spot checked. The larvae were counted and left 
in position. Shmiliarization with the larvae through daily 
counting soon enabled the climber to recognize the larval instar 
without the aid of the gauge card. The fifth instar was easily 
distinguished by its orange-brown head, which was in contrast 
with black of earlier instars (Ulust. 4). 
Distribution within the Crown 
The vertical and horizontal distribution of budworm 
larvae was changed from the original plan of sampling for crown 
distribution during each sample. The time factor caused this 
change and it was carried out as a separate problem, The tree 
crown was divided into three thirds top, middle and bottom. 
The tree crown thirds varied from 10-30 feet in length. Twig 
sauries were taken from the middle of each third of the tree 
crown. Two 10 inch terminal twigs were cut at each of the four 
cardinal directions, placed in plastic bags, and taken to the 
field laboratory for larval counts and instar determination. 
Three trees were selected at the 500 feet elevation. The three 
trees were located on each of three aspects, i. e., the north, east, 
and west. The three trees were sampled at approximately two week 
Intervals during the larval developmental period (Table 25-27)• 
Sgg Deposition and Iftstrlbutlon 
Sampling to determine the peak of egg deposition began on 
August 28. The first eggs of the 19&L season were encountered 
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on August 31* Beginning on September 6, eggs were counted 
every 3 days on all four aspects at the fringe only (Figures 
9> 13)* Two men searched and collected eggs for one-half hour 
in the field* The same area and trees were used on each 
sampling day in order to obtain the peak of deposition. The 
branches were examined each time* 
Bgg distribution or population counts were taken after 
the egg peak research was completed. The distribution counts 
were taken from felled trees used for the aspect and elevation 
sample studies earlier in the season. This research was the 
final portion of the project and was completed on October 18. 
The population counts were taken for distribution from the top 
one-third of hemlock trees at the 12 elevatlonal stations. Two 
t 
men searched and collected eggs for one-half hour in the field 
(see page 39). 
Shoot SLongatlon 
Shoot elongation measurements were taken in an attest 
to correlate shoot development with budworra development. The 
methods of measuring were patterned after Morris (1956) and 
■\ 
Bean (1961). Originally other phonological data such as flower¬ 
ing, bud bursting, and pollen release of different trees and 
flower species were to have been compared with budworm development. 
However, these phenological events occurred before the emergence 
of tho budworm larvae and notes on them were discontinued. 
Four aspect stations were set up at each of the four site 
lines# At each station 10 well Goosed# vigorous western 
hemlock trees were selected on the fringe. On each tree a 
primary branch facing the aspect was selected and tagged for 
measurement# Hie measurements began at the base of the bud 
along tho current developing shoot to the tip of the outer¬ 
most needle. The shoots were measured to the nearest milli¬ 
meter at 7 day intervals. Measurements were continued until 
shoot elongation had ceased. If budworm damage obviously 
influenced the shoot elongation measurements were discontinued 
(Tables 20-23)# 
EXPERIMENTAL RESULTS - PRESENTATION AND ANALYSIS 
Population counts were made to determine the relative 
abundance of developmental stages at the various site lines 
for the 1961 season. Sampling began at the fringe and 00 ele¬ 
vation stations from May 26 to 31* the 500 foot elevation stations 
from May 31 to June 12, and at the 1000 foot stations from June 13 
to 26 (Tables 1-16). None of the eggs had hatched when observa¬ 
tions began at the fringe and 00 stations, more than three-fourths 
of the eggs were still unhatched at the 500 foot stations except 
on the north aspect where the reverse was true, while few eggs 
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remained at any station at 1000 foot stations and some larvae 
were in the second instar at most stations. These data are 
summarized by weeks for peak abundance for each instar and 
the pupal stage using May 22 as zero week (Table 17), The 
figures for the fourth instar were derived by estimation. 
The data for the adult stage were incomplete and are not in¬ 
cluded in this table. 
May 22 was chosen as zero week since at this time all 
budworm3 were in the egg stage on all aspects and all elevations. 
May 22 was about 2 weeks before any hatching was observed in the 
field. However, hatching was believed to have occurred in the 
first week, based on collected eggs which hatched at room 
temperatures in the field laboratory that week. 
The values for the north 1000 feet in the first instar 
and pupal stages, and the south 1000 feet in the pupal stage, 
were calculated by an appropriate missing plot technique. The 
method of iteration was used in solving for any one missing value 
by substituting estimated values for the remaining ones. The 
formula used was Y » ■§.. . y eauals week of peak 
(rw.l)(t-l) 
for budworm stage, r equals number of stages represented, B equals 
sum of weeks occurring in the same stag© as missing weeks, t equals 
number of aspects times number of devational positions, T equals 
sum of weeks in same aspect-elevation class as the missing week, 
-zu 
and G equals sum of all observed weeks* 
AL1 the figures for the fourth instar and for the third 
instar at north-1000 feet, west-1000 feet, west-fringe, and 
west-00 feet were estimated rather than calculated mathemati¬ 
cally because! (1) The arrangement of the data into weekly 
Intervals resulted in a rather dear pattern, development was 
quite uniform and (2) no theoretical analysis seemed feasible 
since it was recognized that the degrees of freedom in the 
analysis of variance should be reduced by one for each substituted 
value* The figures were estimated by the authors observation and 
analysis of the data. This was necessitated by the absence of 
data due to the Hulcahy accident and the author*s absence from 
the field research from July 12 to July 21. 
No more than three stages in development were found at 
any on© time. Development rates in figure 8, the duration graph, 
show the increase speed of development in the third and fourth 
in stars with a duration of 19 and 13 days respectively. This 
increased speed in development occurred about July 1, the begin¬ 
ning of the dry summer season which occurred in 1961. The reduced 
speed in development in the fifth and pupal stages to 24 and 25 
days respectively is also obvious in Figure 8, The bar graphs. 
Figures 1-4 will also show the differences in the developmental 
rates by stages. Ibis insect probably has internal developmental 
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rates which can be altered by the many complex functions of 
its inheritance and environment. Two factors of its environ¬ 
ment, temperature and precipitation, will be discussed later 
as they are related to the budwnas# development, 
Analysis for 5fcg Stage 
The analysis of variance for the spring egg hatch on 
the fringe and 00 feet sampling stations was analyzed by changing 
the percentage data to angles in an attempt to normalize the data. 
No data was available at higher elevations. The technique of 
i 
sampling for the spring egg data showed no significant differ¬ 
ence between stations, even though the fringe was sampled from 
the beach at ground level and 00 feet was from the top-third 
of the tree crowns. The analysis of variance and orthogonal 
comparisons for aspects showed a significant difference. The 
egg development was most rapid on the west aspect and slowest 
on the north aspect. The same relationship was shown in the 
larval results. The significant difference in the interaction 
of aspect and weekly period was due to the high significance 
between the individuals (Table 27), The Duncan Multiple Range 
Test showed the north aspect to have the slowest development 
compared with other aspects as indicated by later hatching. 
The north was showing an increase in development by the third 
week when compared with other aspects which resulted in an 
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eventual "catching upf! toward- the end of the season. 
The first egg hatch was observed on June 6 by sample, 
although it may actually have occurred a few days earlier. 
Results from previous research (KcCambridge 1952-56) show the 
egg hatch beginning close to June 1. Possible causes for this 
delay in hatching may have been associated with the dry month 
of May, Hatching was complete by June 19 except on the east 
aspect where hatching was not ooirolete until July 15 at the 00 
feet sampling station. A possible reason that no eggs were found 
after June 19 on all aspects except east-00 feet could be related 
to the fact that the climbers were concentrating on the larval 
population and not the egg population. 
Development, Aspect and Elevation 
The development of the budworm regarding aspect and eleva¬ 
tion are really measurements of its environment. The environment 
can be broken into four parts according to Andrewartha (1961) t 
(1) weather, (2) food, (3) other animals - and pathogens, and 
(k) a place in which to live. All these factors may influence 
the budworms development, however not all these factors were measured 
in this research project especially at higher elevations. The main 
influence on developmental rate was probably weather, meaning the 
temperature in general. However, no temperature recordings were 
made above sea level since only four hygro thermo graphs were available 
—2&» 
and used at sea level on the four aspects. A repeat of this 
research project with the hygro thermographs placed at 00, 500, 
1000, and 1500 feet elevation should prove valuable in analysis 
of the budworms* developmental rate. 
The analysis of variance of the budworm development data 
by peaks, using data from Table 17 of the larval instar and pupal 
i 
stage peaks, was made for stations including fringe and omitting 
fringe. Both aspect and elevation data are combined since each 
station represents an aspect and an elevation, excluding fringe. 
The results of this analysis of variance test showed that 
with or without fringe the stages showed a significant difference 
between themselves. Visual observation shows that peaks of stages 
represented a definite time interval between peaks. The analysis 
of variance for aspects showed a significant difference of develop¬ 
ment for both tests in that north was the most delayed aspect and 
west was the most rapid. The same results were brought out in an 
orthogonal comparison also. The F-test for elevation showed a 
significant difference when fringe was included. Orthogonal 
comparisons indicated that the peaks occurred significantly earlier 
on the fringe than at 00, 500, tod 1000 foot elevation stations. 
However, of more practical importance is the fact that the aspect- 
elevation interaction tested against the pooled error term was 
significant at the 5 percent level of F (Tables 28,29)« 
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The order of significance was determined by the Duncan 
Multiple Range Test at the 5 percent level. A large overlapping 
nature of common groups ms evident (Table 30)* Because of the 
overlapping nature of nonsignificance, the most logical two 
choices for comparison were (1) the sailing stations for north- 
1000 feet, south-1000, and east-00 feet elevation; and (2) the 
remainder of the sampling stations. However, it should be 
mentioned that the data from both south-1000 feet and east-00 
feet elevations leaned toward that of the remaining 13 stations 
(Table 30). 
On the above basis the problem was set up in two parts, 
(1) the analysis of the results for north-1000 feet, south-1000 
feet, and east-00 feet elevation, (2) the analysis of data for 
the remaining 13 sample stations. 
No reason is known to explain the delay in development 
on the south-1000 feet and east-00 feet sampling stations. Both 
areas were in a heavy western red cedar climax forest compared 
to the other stations, but there %*as no evidence to show that 
this was a factor for delay in development. The east-00 foot 
station was shaded from solar radiation longer than the higher 
elevations, due to a high mountain range on the opposite and 
adjacent shores. No correlation ms found because other sailing 
stations on the east aspect were not similarly affected and 
temperature recordings at sea level showed no significant 
difference for all aspects* A plausible reason for the 
delay in development is possible for the north-1000 foot 
station* This location may have had the lowest temperature 
of the 16 sampling stations. However, no temperature recordings 
were made above sea level. 
The following table illustrates the time of delay and 
the length of delay by days. 
Insect Stage Date of Stage 
Peak-13 Stations 
Delayed 
Date of Stage 
Peak-3 stations 
No.days 
Delay 
I Jnne 15 June 22 -7 
n June 30 July 4 -4 
in July 8 July 11 
-3 
IV July 17 July 18 -1 
V July 31 August 1 -1 
Pupa August 15 August 21 -6 
The possibility of south-1000 and north-1000 feet eleva¬ 
tion could have been in error because the sample was deficient 
in size* However, the east-00 feet station was not a deficient 
size of sample (Tables 4,8,10). Additional research is needed for 
comparison which, as shown in the Duncan Multiple Range Test (Table 
30), may group south-1000 and east-00 into the remaining group of 
13 stations. 
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The two graphs in figure 5 represent the budworm* s 
development by stage peak taken from Table 17* The develop¬ 
ment rate was quite uniform in both aspect and elevation* 
The west aspect was ahead of the east and south, and the 
north aspect was behind all the others. The same held true 
for elevation where fringe was ahead of 00 and 500 feet 
elevation in development, and 1000 feet was behind all other 
elevations* Both graphs show that the budworm* s development 
trended toward uniformity soon after the fourth instar* 
This uniformity soon after the fourth in star shows 
the same results as was found when comparing dates of Brown 
and Silver (1957) whose dates for the peak of the fifth instar 
and pupae stage were close to those of the Cholmondeley Sound 
area (page 3)« This reaction by the budworm to catch up in 
development in order to complete its life cycle may be related 
to some light factor or length of day and probably not to a 
temperature, humidity, or precipitation factor* Figures 5 
and 10 will show the time of the fifth instar close by date 
in this research project* No measurements of light were made 
in this study* 
Development and Fringe 
The fringe data was pooled with the other stations 
(except the 3 delayed stations) because no significant difference 
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between fringe and elevational data (Table 31)* This informa¬ 
tion is of great importance since fringe information apparently 
can be used for aid elevations and aspects except perhaps north- 
1000 feet. The reliability of this assumption would be increased 
by additional data from more field season research. If substan- 
/ « »• 
tiated, countless roan hours and much money could be saved by 
restricting sailing to the beach fringe (Figure 13). 
Hie analysis of variance showed no significant difference 
between beach fringe sampled from the ground and the 00 feet 
sampled from the top one-third of the tree crown. This indicates 
that sampling from the beach fringe is representative of populations 
contained within the stands up to at least 1000 feet elevation. It 
is thus adequate for surveys to determine insect development. 
When fringe was compared against the three delayed stations 
a linear relationship resulted which would also hold true for the 
remaining 13 stations. The linear relationship X * a + bx is 
apparent where X and X are respectively the budworn development 
peak on the fringe and at the three stations of north-1000, south- 
1000, and oast-00 feet. This equation is X * 1.223 ♦ .9479&X with 
a correlation coefficient of .99* 
Development and Duration 
Duration of the budworn* s in star and pupal stages are 
shown in Figures 6,7, and 8. 
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figures 6 and 7 are histograms representing the develop¬ 
mental index taken from Tables 18 and 19* The index gives the 
- • ■ * • c. •• A • 
per cent of development couple ted at any given time* The pupal 
stage was given a value of 100 per cent. The mean duration to 
reach the peak from May 22 was used to compute the developmental 
per cent of the sample. The length of each stage was calculated 
by averaging the mid-value of each stage (Brown and Silver 1957)* 
The developmental difference by aspect and elevation is shown 
In the graph. The duration of instars and pupal stage are also 
shown in percentages* The developmental rate was uniform and 
resulted in a linear type of graph. Several seasons of develop¬ 
ment rates could make possible a prediction of the in stars and 
the pupal stage dates. 
figure 8 on the budworm stage duration was computed from 
Tables 1 to 16 by combining results from all 16 sarple stations. 
The average dates were used and the length in days is shown on 
the graph for each of the budworm stages* The egg stage is the 
overwintering stage. The data collected for adults was discontinued, 
but adults were last observed in mid-October. 
A fairly uniform overlapping of instars is shown with the 
shortest instar duration occurring in the third and fourth instars. 
A possible explanation for the shortening of the instars will be 
given later in the temperature and precipitation section. 
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Temperature. Iloisture and Development 
In the temperature analyse the results from the nofcth 
hy gro thermo graph were discarded because of error in the record¬ 
ing instrument which occurred during the latter half of the 
season. The south, east and west data recorded at sea level 
showed, no significant difference when analyzed (Table 32). It 
is anticipated that no difference would have occurred between the 
north aspect and the other three aspects, due to the marine climate 
which is very constant, especially at sea level where the hygro- 
thermographs were located. 
The four hygro thermographs were installed on June 19. This 
was after the peak of the first instar excluding the data from 
north-1000 feet, south-1000 feet, and east-00 feet. A recording 
weather station at 12 mile arm near Hollis, Alaska, which is 
approximately 15 miles northwest of Cholraondeley Sound, was used 
/ 
for temperature records from Hay 22 to June 19* No significant 
difference was found when 12 mile area readings were compared with 
the data from the south, eafct and west aspect stations for a 40 
day period. 
Cumulative mean daily temperature gave a linear relation¬ 
ship (figure 11). This linear relationship should enable the 
entomologist to predict instar peak and duration. Wellington (1949) 
states that larvae of the spruce budworm, a closely related insect, 
■-31- 
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cannot be considered to exhibit temperature preference* The 
larvae were indifferent to temperature in a gradient down to 
and including 10 degrees centigrade, the lowest temperature 
available* However, temperature with reference to rate of 
development does affect the insect (HLals 1958, McCambridge 
195^, Silver I960)* In July and August of 19&L the cumulative 
temperature increased with the continuation of warm clear days. 
A pronounced increase in development occurred about July 1 
(figure 8), However, after the fourth instar the development 
was retarded. The continuation of warm clear days which is unusual 
for the southeast Alaska area could have been an adverse factor. 
It is known that seasonal differences in temperature will cause 
differences in rate of development, field studies compared with 
controlled laboratory rearing should establish the temperature 
relationship. 
The analysis of variance for precipitation showed no sig¬ 
nificant differences between the north, east, and west aspects, 
and the houseboat station (Table 32). The south aspect data 
could not be used due to a faulty instrument, fbr the final 
analysis only the houseboat* s U.S. Weather Bureau standard rain 
gauge was used because daily recordings were needed. The weather 
station at Hollis, Alaska was used for information on precipitation 
prior to the installation of the houseboat’s rain gauge on June 23* 
-33- * 
Both stations were closely comparable for the months of May to 
August 1961* The number of days over 60 degrees fahrenheit were 
used in an attest to correlate these data with the budworm*s 
development* These two factors occurred on the same days to 
V 
produce a "hot-dry" period. This comparison was linear by graphing 
♦ 
(Higure 12) meaning a direct correlation* 
Larval development may be lengthened or prolonged by 
retardation of feeding caused by an increase or decrease in precipi¬ 
tation (Silver I960, Wellington 19^6). Prolonged wet or dry periods 
are also indirect indicators of other factors such as relative 
himidity, temperature, and hours of sunshine (Silver i960). 
The number of days without precipitation is associated with 
an increase in development between the third and fourth instars. 
This took place before the ’'hot-dry" period influenced the budworm 
which started at the peak of the second instar. Hiring the fifth 
instar and pupal stage development was prolonged as shorn in figure 
12, possibly due to continuation of the "hot-dry" period. The 
number of days with reading above 60 degrees fahrenheit was calculated 
for further evidenoe. The temperature readings also give a rough 
indication of the hours of radiant sunshine. Wellington (19**3) 
described a photonegative reaction by spruce budworm larvae to intense 
radiation. This photonegative reaction retarded development during 
the "hot-dry" period because feeding was curtailed. The curtailment 
of feeding was observed during strong sunlight as the budworm 
retreated into the protective shade of their webbed needles* 
A linear relationship is shown in figure 12 for the number of 
days over 60 degrees fahrenheit. The following table illustrates 
the duration and intensity of the ,thot-drytt period for the season* 
Hie figures are from the 13 sample stations* 
mm jmeaussL satm 
Number of 
days between 
I-II ii-iu III-IV IV-V V-PUPA 
stages 15 8 9 14 15 
Number of 
the 
days 
without 
precipitation 
4 3 6 12 12 
Number of 
days over 
60 degrees 
fahrenheit 
4 5 8 12 14 
In the coastal marine climate of southeast Alaska it is 
possible to have over 200 inches of rain a year* Rain fall is 
not sharply seasonal but is continuous throughout the year. Ebcceod- 
i 
ingly heavy rainfall can occur in a few hours. In this northern 
i; *'•.. . • « ’■* • 1 - • '■ 
coniferous forest the length of a wet or dry period might well have 
a direct effect on the budworm's development. Further research is 
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needed with additional field testing and laboratory observa¬ 
tions under controlled conditions to establish this. 
In the final regression analysis two variates were 
used: cumulative mean daily temperature and number of days ■with¬ 
out precipitation, A regression was calculated for the north- 
1000 feet# south-1000 feet, and east-00 feet grouping and another 
for the remainder of the sailing stations, the equation was; 
* ^2X2 • Y equalling peak of budworm stage, x^ 
equals cumulative mean daily tenperaturef x equals cumulative 
number of days without rain. See Table 33 fox* a comparison of 
all 16 sampling stations. The regression was highly significant 
for both groups, i.e,, the 3 delayed stations and the remaining 
13 stations (Table 34). The standard error of estimate for the 
prediction of budworm development for the 3 stations was +0,4 per 
cent. The standard error of estimate for the prediction of bud- 
worm development for the 13 stations was jp,9 per cent. 
The error of estimate was well within the limits for pre- 
\ 
dieting budworm development during the 196l season* More than one 
year’s field data would be necessary to obtain an accurate basis 
of prediction which would account for the yearly variations in 
budworm development. 
Relative humidity recordings were taken from the four hygro- 
thermographs stations at sea level, to analysis of variance of the 
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humidity readings shoved no significant difference between 
aspects (Table 32). Ihe data were tested by various methods 
in an attempt to correlate them with budworm development, but 
none were found. 'Ihe various methods used were cumulative, 
mean daily, mean cumulative, high cumulative, low cumulative, 
number of days below 70$, number of days below 80$, logarithm 
of the mean, square root of the mean, cube root of the mean, 
relative hear (temp* x humidity). 
Relative humidity varies greatly between macro and micro 
environments. Little is known with certainty about the character¬ 
istics of the layer of air which immediately surrounds an insects* 
habitat (AU.ee et al. 1949). Ihe budworm spends its entire life 
cycle in the tree crowns except for the flying adults. Ihe relative 
humidity that closely affects budworm larvae is probably within 
their webbed feeding chamber of the thin layer of air surrounding 
the needles and twigs. Wellington (1948) showed in a study on the 
; effects of moisture and the behavior on the spruce budworm that 
larvae did respond to moisture gradients. This was demonstrated 
by evaporation measurements. Aggregations of the larvae were found 
varying with instar and duration. The black-headed budworm is 
probably well adapted to a high relative humidity within its micro¬ 
environment because of the high rainfall of this coastal coniferous 
forest. Wo measurements of microclimate in the larval habitat were 
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recorded, It is believed that the location of the hygro- 
thermographs did not give data that can be considered closely 
comparable to the relative humidity that affected the budworms 
development in their microenvironments. 
Distribution within the Crown 
Systematic sampling of the vertical and horizontal distri¬ 
bution of insect populations in all tree crowns was not feasible 
during the station checks. However, three trees, one on each of 
the north, east, and west aspects, were sampled in this way at 500 
feet elevation. The sampling interval for these three trees proved 
to be sufficient to show the distribution of different instars. 
The data for this analysis were considered Poisson in 
distribution and were transformed by adding 0.4 to each count and 
extracting the square root. The analysis of variance showed the 
vertical distribution to be highly sigiificant with a non-significant 
horizontal distribution at the periphery of the crown. The highly 
significant vertical distribution showed the highest portion of 
the population to be in the top one-third of the tree crown (Table 
35)• Ike distribution by crown thirds in per cent (Tables 24 to 
* 
26) was approximately 60 in the top, 30 in the middle, and lOpercent 
in the bottom third of the crown. 
Although three trees showed an excellent correlation, tho 
sample is very small and should be increased for more accurate 
predictions. MeCambridge (1954a, 1954b) reported the crown distribution 
( 
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preference to be in the top one-third of the tree crown in both 
./ 
larval and egg stages. Silver and Brown (1957) also stated that 
the highest budworm larval populations were found in the upper 
crown levels. 
Wellington (19*fS) worked with the spruce budworn and its 
reactions to light. He suggested that population preference for 
the top one-third of the tree crowns may be that the larvae are 
photopositive toward diffused light. This enables the larvae to 
move toward more food. The larvae move from the center of the 
tree outward, thereby coming to the tips of branches Where there 
are fresh young leaves to eat. This explanation may not hold true 
for the black-headed budworm since the adult moths prefer to lay 
the eggs in the tope one-third of the tree crown and the edges 
of the crown. This was found true when sampling populations of 
the egg stage in tree crowns. 
SteE Deposition and distribution 
The 1961 egg deposition and distribution by aspect are shown 
in Figure 9* Ail sampling data shown in Figure 9 were taken on the 
beach fringe. The population was the highest on the west aspect 
with the east aspect next highest. The north and south aspects 
were lower and similar in population numbers. The peak of the egg 
deposition by aspect occurred within a six day interval (Figure 9)» 
The 3outh aspect peaked first on September 15 with the east and 
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west folio-wing together on September 18. 'Hie north aspect 
peaked last on September 21. The results showed a definite 
peak by aspect using the sampling procedure similar to the one 
used earlier* with two men searching each for 30 minutes. The 
peaks occurred 18 days after the first egg was found and 31 days 
after the peak of the pupal stage. Me Cambridge (1953) showed 
first observations of eggs occurred one month and three days 
after the first emergence of adult moth. Me Cambridge (1953) also 
showed that rain has very little affect on adult moths during the 
egg laying period. The adult moths appear to be strong fliers. 
A knowledge of the larval and pupal development for the current 
year would aid in estimating egg deposition peak. 
The populations at the 12 elevations! stations showed in 
the analysis of variance that there was no significant difference 
between aspect or elevation (Table 3&). This is possibly due to 
the small numbers in the sample size. However, the observed data 
do show trends of higher populations on the east and west aspects 
t&th regards to sample size. The 00 and 500 feet elevations also 
show the highest population. High populations of budworm in 
previous yoar3 during infestations occurred mostly at the 500 
foot elevation. KcCambrldge (1955) states between 450 and 900 
feet elevation is the location of the hipest population. 
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The following table shows a sample of the egg population 
taken by two men, each searching for 30 minutes. The eggs were 
sampled from the top if 3 of the tree crowns, Hie table also 
gives an indication of the size of population that was used for 
the development study in the Cholmondeley Sound area. 
Elevation North South East West 
00' 120 120 200 200 
500' 272 86 299 140 
1000' 82 22 69 188 
Development and Shoot lOongation 
The phonological data began on May 3 and was discontinued 
on July 6 because most tree, flower, and leaf development had 
occurred prior to the emergence of the budworm larvae. Shoot elon¬ 
gation measurements were made from June 6 to September 6, 
In the shoot elongation studies the dormant buds were not 
measured because the field research was started after many buds had 
swollen and begun to open. The shoots chosen for measurements were 
also swollen or had begun to open. The egg hatch in the tree crown 
occurred just prior to bud opening or at approximately the time the 
buds started to open. The fringe trees were producing new shoots 
before the eggs started to hatch. The emergence of iarvae and the 
bursting of hemlock buds did not occur at the same time. Shoot 
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elongation was correlated with budworm larvae development, in 
Figure 10 the west aspect trees had produced the most shoot growth 
and completed its shoot growth elongation before the other aspects. 
Budwoms also developed more rapidly on the west aspect. The 
slowest shoot elongation was on the north aspect where the short¬ 
est shoots of 5*33 millimeters were produced as compared to the 
west aspect with length of 9*23 millimeters. 'These figures are 
the average from the ten shoots. Budworm development on the north 
aspect was also the slowest. However, Figure 10 shows that by the 
time the fifth instar stage was reached there was little difference 
{ 
between the various locations. 
The summary of the shoot elongation data is shown in Tables 
20 to 23* The missing data following the Mulcahy accident for 
weeks 7 and 8 from May 22 occurred during the straightest portion 
of the growth curve when mean growth was plotted against calendar 
dates. The other missing data in Tables 20 to 23 were mostly 
caused by destruction of shoots by budworm feeding. 
The analysis of variance was again set up as two problems 
with the locations of north-1000, south-1000, and east-00 feet 
elevation as one group and the other 13 sample stations as a second 
group. In each analysis there were highly significant differences 
between aspects. However, north and south aspects were not signifi¬ 
cantly different and \mre pooled in the following table. 
Date of 
instar 
peak 
Insect 
instar 
Percent shoot 
H&S 
elongation 
E 
by aspects 
W 
June 15 I 11.3 13.4 14.7 
June 30 II 29.6 31.5 45.3 
July 8 III 50.9 62.5 74.3 
July 17 IV 82.7 87.4 89.6 
July 31 V 97.4 99.3 99A 
From this table instars could have been predicted for the 
1961 season# More than one year's results would need to be avail- 
able in order to show the yearly variations. However, a prediction 
based on one season might serve as a rough approximation for all 
aspects and elevations up to 1500 feet, which is the limit of 
commercial timber# 
The shoot elongation data showed typical behavior common to 
moot plant growth. The rate was relatively slow at first# Then 
rapid elongation occurred until the maximum rate of growth was 
reached, after which it decreased quickly until growth was couple ted. 
When rate of growth was plotted against time, a typical sigmoid 
curve was obtained# 
Bean (1961) in Minnesota measured shoot elongation for 
timing the third instar of the spruce budworm. Five glowing seasons 
were measured to estimate each year's total shoot elongation# This 
was necessaxy for developing $ prediction system. Bean also shows 
the previous dates for the third instar peaks. Similar information 
could be taken for southeast -Alaska only by continuation of research 
on budworm instar peaks and shoot elongation. Such information 
would be useful in enabling a non-entomologist to predict budworm 
instar peaks. 
Bean*s (196l) procedure of measuring to the tip of the bud 
rather than to the tip of the outer-most needle would give more 
accurate results and should be encouraged in a continuation of the 
shoot elongation research. 
SUMMARY 
The black-headed budworm, Acloris varlana (Fernald) has 
been recorded as a periodic extensive defoliator in the coastal 
forests of Washington# British Columbia, and southeast Alaska. The 
insect is widespread throughout the boreal forest of North America. 
This research project was carried out in southeast Alaska on the 
Prince of Wales Island in Cholmondeley Sound. 
Field observations were made on all the stages of the life 
cycle of the budworm with the main emphasis on the larvae and 
pupae stages. Ihe observations began with the overwintering egg 
stage in the spring of 1961 and completed with the egg iage for 
deposition in the fall. Sixteen observation stations were estab¬ 
lished on North, South, Sastr ar*d West aspects; four on each aspect. 
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at tho beach fringe, 00, 500, and 1000 foot elevations# The 
statistical analysis showed that of the 16 stations only 3 
were delayed in development by a significant difference, north 
and south 1000, and east 00 feet elevation. These three statsion 
were not significantly different from each other. The fringe 
data were pooled with the 12 elevations! stations. No significant 
difference was found between fringe and the other 9 elevation 
stations without delay. 
The eggs began hatching on June 6 or a few days before and 
was completed at the various stations from June 13 to July 15* 
Larval development continued on the various aspects and elevations 
from June 6 to August 24. About twelve weeks were spent in the 
larval period. The pupal stage lasted about 25 days from August 
2 to the first week in September. The peak of the moth emergence 
occurred in the last week of August and first week of September 
and oviposition peak was reached between September 15 and 21. 
Temperature, relative humidity and precipitation were measured 
at the fringe stations. Precipitation was also measured near the 
houseboat. A correlation was made between cumulative average 
temperature, cumulative number of days without precipitation and 
budworm development. The correlation was linear and proved to be 
of predictive value for the 1961 season. 
Distribution within the tree crown was measured from three 
separate trees at three Intervals during the larvae development. 
There was a significant difference found between the vertical 
distribution, but no significant difference was found within 
the horizontal distribution of the budworra larvae. The vertical 
distribution was approximately 60 percent in the top third, 30 
percent in the middle third, and 10 percent in the bottom third, 
Ihe distribution of eggs was sampled on all the elevation 
stations which indicated the size of population that was available 
during this study even though it indicates next year’s population, 
Ihe fringe sample showed the peak of egg deposition occurred 
within 6 days on all four aspects. The peaks occurred 18 days if ter 
the first egg was found and 31 days after the peak of the pupal stage. 
Shoot elongation was measured from 10 western hemlock trees 
on each of the four aspects at the beach fringe, Ihe percent of 
shoot elongation was compared with budworm larval instars for a 
prediction of instars prior to the instar. 
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CONCLUSION 
In concluding the results of all data taken from the 
16 sarnie stations only the non-delayed stations, or excluding 
north-1000, south-1000, and east-00, were considered the 
factual results as they occurred in the field* The cause of 
delayed development at the 3 stations cannot be explained by 
any recorded evidence. It was estimated that the north-1000 
feet could have had the lowest temperature as compared to the 
other 15 sampling stations. However, no weather recordings 
were made above sea level. During aerial spraying operations 
against this insect probably no delay in the operation would 
be necessary. 
The fringe data showed no significant difference between 
development of budworm at crown levels and higher elevations. 
This suggests that data from the fringe can be used to repre¬ 
sent other locations on the mountain sides regardless of 
aspect. The use of fringe for sampling will save countless 
man hours and expense. 
The correlation of budworm development with temperature 
and precipitation could aid in determining the larval stage 
peaks prior to the peak. No correlation was found between 
relative humidity and budworm development. Hours of sunshine 
or a light stimulus may influence the developmental rate of 
46- 
this insect* The evening up of the development period by 
the peak of the fifth instar and pupal stage regardless of 
aspect and the similarity with the records of Brown and 
Silver (1957) suggest a possible light factor# directly or 
indirectly through plant condition and nutrition. 
The shoot elongation studies were compared with bud- 
worm development for the 1961 season. However, additional 
measurements of twig growth for the preceding 5 years would 
have indicated if the 1961 development was typical for the 
host trees. If insect development could be correlated with 
average shoot development, it would enable the non-entomologist 
to estimate the rate of insect growth, with possible control 
measures. 
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1, Black-headed Budworm eggs on Western 3X 
hemlock needles. 
2. Black-heeded Budworm larvae feeding on a 
Western hemlock bud. Courtesy of For. Biol¬ 
ogy Laboratory, Victoria, British Columbia. 10X 
Hack-Headed Budworm 
I II III IV v 
3. The plastic card used in measuring Black-headed 
Budworm larval instars. 
^B Hi ji'IIhi*' 111 li'.»MuM ■ 
> 
4. The five larval instars of the Black-headed 
Budworm. Left to right - 1st instar to 5th 
instar. 
5. The pupae of the Black-headed Budworm. 3X 
6. The adult moths of the Black-headed 
Budworm. 3X 
7. Black-headed Budworm defoliation on 
young Western hemlock and Sitka spruce. 
8. Black-headed Budworm de¬ 
foliation on a mixed age 
stand of Western hemlock 
and Sitka spruce. 
The author decending from 
a Western hemlock fearaple 
tree. 
10. Tree climbing equipment. Left to right- 
saddle, safety rope, tree rope, and climb¬ 
ing irons. 
11. South arm of Cholmondeley Sound, Prince 
of Wales Island. 
12. West arm of Cholmondeley Sound, Prince 
of Wales Island 
TABLE 1 
North Aspect-Fringe 
Development of the Black-headed Budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates. Cholmondeley Sound. 
Date No. of 
1961 Insects Egg 
Larval 
I II 
Instars 
III IV V Pupa Adult 
May 26 7 100.0 
June 5 4 100.0 
June 12 3 66.7 33.3 
- 
June 19 40 92.5 7.5 
June 26 40 35.0 65.0 
July 3 40 5.0 80.0 15.0 
July 10 40 7.5 92.5 
JUly 17 * 
July 24 40 42.5 57*5 
July 31 40 2.5 97.5 
August 7 40 95.0 5.0 
August 14 19 10*5 89*5 
August 21 10 10.0 80.0 10.0 
August 28 18 50*0 50.0 
* Data not recorded, see text 
TABLE 2 'V 
North Aspect-OO' 
Development of the Black-headed Budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates, Cholmondeley Sound. 
Date No. of Larval Instars Pupa Adult 
1961 Insects 
/ 
Egg 1 ii m IV V 
Kay 26 16 100.0 
June 5 20 100.0 
June 12 40 42.5 57.5 
June 19 40 100.0 
June 26 40 62.5 37.5 
July 3 40 12.5 85.0 2.5 
July 10 40 20.0 80.0 
July 17 * 
/ 
July 24 40 65.0 35.0 
July 31 40 5.0 90.0 5.0 
Aug. 7 40 82.5 17.5 
Aug. 14 33 21.2 78.8 
Aug. 21 18 10.5 84.2 5.3 
I . M 00 40 60.0 40.0 
* Data not recorded, see text. 
TABLE 3 
North Aspect-500' 
Development of the Black-headed budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates. Cholmondeley Sound. 
Date No. of Larval Instars 
1961 Insects Egg I EE III IV V Pupa Adult 
June 12 40 12.5 87.5 
June 19 40 92.5 7.5 
June 26 40 32.5 67.5 
* 
July 3 40 57.5 42.5 
July 10 40 10.0 90.0 
July 17 * 
July 24 40 17*5 82*5 
July 31 40 2*5 87.S 10*0 
Aug* 7 40 65*0 35.0 
Aug* 14 18 27.8 72.2 \ 
Aug* 21 27 85.2 14*8 
Aug* 28 32 75.0 25.0 
* Data not recorded* see text* 
TABLE 4 
North Aspect-1000* 
Development of the Black-headed Budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates* Cholmondeley Sound* 
Date No* of Larval Instars_ 
1961 Insects Egg 1 II III IV V Pupa Adult 
June 26 0 
July 3 40 25*0 75.0 
July 10 23 62*6 17.4 
July 17 * 
July 24 20 30.0 45.0 25.0 
July 31 40 5.0 95.0 
Aug* 7 20 80*0 20.0 
* Data not recorded, see text* 
TABLE 5 
South Aspect * Fringe 
Development of the Black-headed Budworm. Figures are Per Cent of 
Total Number of Inafccts by Stage and Date** Cholmondeley Sound* 
Date No. of 
1961 Insects Egg 
Larval Stages 
1 II Ill IV ' V Pupa Adult 
May 29 20 100.0 
June 6 21 S5.7 14.3 
June 13 40 15.0 85.0 
June 20 40 57.5 42.5 
June 27 40 17.5 80.0 2.5 
July A 40 20.0 80.0 
July U 40 5.0 65.0 30.0 
July 18 * 
July 25 40 27.5 72.5 
AUg* 1 40 2.5 97.5 
I • 03 40 95.0 5.0 
Aug* 15 34 11.8 88.2 
AUg* 22 28 3.6 78.6 17.8 
AUg* 29 25 84.0 16.0 
* Data not recorded, see text* 
TABLE 6 
South Aspect-001 
Development of the Black-heeded Budworms. Figures are Per Cent of 
Total Number of Insects by Stage and Dates. Cholmondeley Sound. 
Date No. of Larval Stages 
1961 Insects 
/ 
Egg I II III IV V Pupa Adult 
May 26 10 100.0 
May 29 20 100.0 
June 6 40 95.0 5.0 
June 13 40 22.5 77.5 
June 20 40 82.5 17.5 
June 27 40 45.0 50.0 5.0 
July 4 40 32.5 57.5 10.5 
July 11 40 17.5 62.5 20.0 
July 18 * 
July 25 40 32.5 67.5 
Aug. 1 40 100.0 
Aug. 8 40 87.5 12.5 
Aug. 15 40 5.0 95.0 
Aug. 22 40 7.5 75.0 17.5 
Aug. 29 16 68.8 31.2 
* Data not recorded» see text. 
TABLE 7 
South Aspect-500* 
Development of the Black-headed Budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates. Cholmondeley Sound. 
Date No. of Larval Stages 
1961 Insects Egg I II III IV V Pupa Adult 
June 6 40 77.5 22.5 
June 13 40 22.5 77.5 
June 20 40 55.0 45.0 
June 27 40 55.0 45.0 
July 4 40 5.0 55.0 40.0 
July 11 40 5.0 87.5 7.5 
July 18 * 
July 25 40 40.0 60.0 
Aug. 1 40 100.0 
£ OQ
 
•
 00
 
20 5.0 85.0 10.0 
Aug. 15 22 100.0 
Aug. 22 6 83.3 16.7 
Aug. 29 11 34.3 45.5 
TABLE 8 
South Aspect-10001 
Development of the Black-headed Budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates. Cholmondeley Sound. 
Date No. of Larval Stages_ 
1961 Insects Egg I II III IV V Pupa Adult 
June 13 0 
June 20 0 
June 27 40 80.0 
July 4 40 7.5 
July 11 40 2.5 
July 18 * 
July 25 20 20.0 60.0 20.0 
Aug* 1 4 100.0 
Aug. 8 3 100.0 
20.0 
90.0 2.5 
25.0 72.5 
* Data not recorded$ see text. 
TABUS 9 
East Aspect-Fringe 
Development of the Black-headed Budvorm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates* Cholmondeley Sound* 
Date No. of Larval Stages_ 
1961 Insects Egg I II III IV V Pupa Adult 
Hay 31 20 100.0 
June 7 15 80.0 20.0 
June 14 40 45.0 55.0 
June 21 40 77.5 
June 28 40 15.0 
July 5 40 
July 12 * 
July 19 * 
July 26 40 
Aug. 2 40 
Aug. 9 40 
Aug. 16 21 
Aug* 23 20 
Aug. 30 16 
22.5 
72.5 12.5 
17.5 82.5 
10.0 90.0 
7.5 85.0 7.5 
60.0 40.0 
9.5 90.5 
95.0 5.0 
68.8 31.2 
* Data not recorded, see text. 
TABLE 10 
East Aspect-00* 
Development of the Black-headed budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates* Cholmondeley Sound* 
Date 
1961 
No. of 
Insects Egg I 
Larval Stages 
II III IV V Pupa Adult 
May 31 10 100.0 
June 7 20 80.0 20.0 
June 14 36 22*2 77.8 
June 21 40 10.0 90.0 
June 28 40 2.5 65.0 32.5 
July 5 40 20.0 55.0 25*0 
July 12 40 5.0 72.5 22.5 
July 19 * 
July 26 40 55.0 45.0 
Aug* 2 40 2.5 92.5 5.0 
Aug* 9 40 95.0 5.0 
Aug. 16 16 25.0 75.0 
Aug* 23 18 5.6 88.8 5.6 
Aug* 30 40 67.5 32.5 
* Data not recorded, see text* 
TABLE 11 
East Aspect-500 * 
Development of the Black-headed Budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates, Cholmondeley Sound. 
Date 
1961 
No. of 
Insects Egg I 
Larval stages 
II III IV V Pupa Adult 
June 7 40 82.5 17.5 
June 14 40 10.0 90.0 
June 21 40 92.5 7.5 
June 28 40 70.0 30.0 
JUly 5 40 65.0 35.0 
July 12 40 7.5 82.5 10.0 
July 19 * 
July 26 40 2.5 42.5 55.0 
Aug. 2 40 5.0 95.0 
Aug. 9 40 62.5 37.5 
Aug. 16 40 10.0 90.0 
Aug. 23 40 97.5 2.5 
Aug. 30 40 80.0 20.0 
* Data not recorded, see text. 
TABLE 12 
East Aspect-10001 
Development of the Black-headed Budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates. Cholmondeley Sound. 
Date No. of Larval Stages 
1961 Insects Egg I II III IV V Pupa Adult 
June 14 4 100.0 
June 21 40 92.5 7.5 
June 28 40 65.0 35.0 
JUly 5 40 5.0 75.0 20.0 
July 12 40 12.5 87.5 
July 19 * 
July 26 40 2.5 20.0 77.5 
Aug. 2 40 95.0 2.5 2.5 
Aug. 9 40 •- 87.5 12.5 
Aug* 16 27 18.5 77.8 3.7 
Aug* 23 13 76.9 23.1 
Aug* 30 10 70.0 30.0 
* Data not recorded, see text 
TABLE 13 
West Aspect-Fringe 
Development of the Black-headed Budwora. Figures are Per Cent of 
Total Number of Insects by Stage and Dates, Cholmondeley Sound, 
Date 
1961 
No. of 
Insects Egg I 
Larval Stages 
II III IV V Pupa Adult 
May 31 20 100.0 ■ 
June 8 40 55,0 45.0 
June 13 40 10.0 90.0 
June 22 40 65.0 35.0 
June 29 40 2.5 87.5 10.0 
July 6 40 25.0 75.0 
July 13 * 
July 20 * 
July 27 40 2.5 7.5 87.5 2.5 
Aug* 3 40 82.5 17.5 
Aug, 10 40 75.0 25.0 
Aug, 17 21 4.8 95.2 
Aug, 24 15 73.3 26.7 
Aug, 31 40 7.5 92.5 
* Data not recorded, see text. 
TABLE 14 
West Aspect-00* 
Development of the Black-headed Budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates. Cholmondeley Sound. 
Date 
1961 
No. of 
Insects Egg 
Larval Stages 
I II III IV V Pupa Adult 
May 31 10 100.0 
June 8 20 70.0 30.0 
June IS 40 2.5 97.5 
June 22 40 87.5 12.5 
June 29 40 22.5 77.5 
July 6 40 2.5 22.5 75.0 
July 13 * 
July 20 * 
July 27 40 12.5 87.5 
Aug. 3 40 • 95*0 5.0 
o
 
r-4
 
1
 
40 • 62.5 37.5 
Aug. 17 23 * _ • v ’ 4*3 95.7 
Aug. 24 29 3.5 86.2 10.3 
Aug. 31 40 5.0 95.0 
* Data not recorded, see text. 
TABLE 15 
West Aspect-500* 
Development of the Black-headed Budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates. Cholmondeley Sound. 
Date No. of _Larval Stages_ 
1961 Species Egg I II III IV V Pupa Adult 
June 8 40 87.5 12.5 
June 15 40 30*0 70.0 
June 22 40 90.0 10.0 
June 29 40 25.0 75.0 
July 6 40 20.0 80.0 
July 13 * 
July 20 * 
July 27 40 15*0 85.0 
Aug. 3 40 95 *0 5.0 
Aug* 10 40 65.0 35.0 
Aug* 17 40 12.5 87.5 
Aug. 24 27 92.5 7*5 
Aug* 31 33 45.5 54.5 
* Data not recorded, see text. 
TABLE 16 
We$t Aspect-1000' 
Development of the Black-headed Budworm. Figures are Per Cent of 
Total Number of Insects by Stage and Dates. Cholmondeley Sound. 
Date No. of Larval Stages_ 
1961 Insects Egg I II III IV V Pupa Adult 
June 15 40 5.0 95.0 
June 22 40 92.5 7.5 
June 29 40 47.5 52.5 
July 6 40 5.0 75.0 20.0 c 
July 13 * 
July 20 * 
July 27 40 25.0 75.0 
Aug. 3 40 90.0 10.0 
Aug. 10 40 70.0 30.0 
Aug. 17 14 100.0 
Aug. 24 7 100.0 
Aug. 31 1 42.9 
* Data not recorded* see text. 
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FIGURE 1 
» 
be development of the Black-headed Budwora -North aspect. 
*he numbers represent elevation and percent of insect stage 
levelopment. 
FIGU&g 2 
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THUGS 
The development of the Black-headed Budworm -South aspect. 
The numbers represent elevation and percent of insect stage 
Insect 
Stage 
Egg 
I 
II 
III 
IV 
V 
Pup 
Alt, 
FIGURE 3 
1000' 
500' 
00' 
FRINGE 
The development of the Black-headed Bud worm -East aspect. 
The number* represent elevation and percent of insect stage 
development. 
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FIGURE 4 
The development of the Black-headed Bjdworm -West aspect. 
The lumbers represent elevation and percent of insect stage 
development. 
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FIGURE 5 
The development of the Black-headed Budworm in regards 
to aspect and elevation. 
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FIGURE 9 
The developaent of the Black-headed Budvora in regard, to 
egg deposition end population. Letter, represent aspects. 
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FIGURE 10 
The development of the Black-headed Budworm as compared 
to Western hemlock shoot elongation. The August dates 
represent completion of shoot growth. The fteatan numerals 
represent the instar of the insect on all sample loca¬ 
tions except North-1000', South-1000*, and East 00*. 
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FIGURE 11 
The development of the Black-headed Budworm. The 
peek of insect stage as correlated with cumulated 
average mean dally temperature. 
FIGURE 12 
The development of the black-headed budworra In response 
to a hot-dry period. The instars and pupal stage are 
represented on the graph. 
c 
o 
o 
Peak instar by weeks from May 22 
FIGURE 13 
Diagramntic sketch of a tripling aspect showing the 
four sampling locations (l) Fringe, (2) 00 feet, 
(3) 500 feet, and (4) 1000 feet elevation. 
APPENDIX 
Statistical Treatment 
TABLE 27 
Analysis of Technique and Egg* Mjige vs. 00 Feet Elevation 
Analysis of Variance 
Source DF. 3.8. M.S. F. 
Week Period 3 2^782.520 8260.840 VHS 
Aspect 3 1339.245 446.415 HS 
Technique 1 6.003 6.003 NS 
WP x A 9 1576.5a 175.169 S 
WP x T \ 
A x T x WP l 
A x T j 15 544.6lB 36.308ss2 
Total 31 23248.907 
Orthogonal Comparisons for .Aspect 
N vs. S+EHtf 
= a. 464 slowest 
W vs. $*2 
2 
= 14.005 fastest 
2 
*3 
S vs. E 
*» 1.417 NS - no difference 
TABLE 28 
-Analysis of Variance - Including Fringe, 
Source D. F, S.3. M.S. F1 
153*16 Expect Stages 5 765.8 
Aspect 3 3.0 1.00 HS 
Elevation 3 3.6 1.20 HS 
S x A 15 2.0 .13 NS 
S x E 15 2.4 .16 NS 
A x E 9 3.9 .43 NS 
S x A x E 42 9.1 .22=3^ 
Total 92 789.8 
N vs, 3+mt 
Orthogonal Comparisons for Aspect, 
2.000 HS 
W vs. S+E 
S vs. S 
2 
£_ = x.ooo 
®3 
H3 
5JS 
Orthogonal Comparisons for Elevation. 
Fringe vs. 00+500+1000 
2.72 HS 
1000 vs. 00+500 
.84 NS 
2. 
.X, 
pooled 
sign, here 
HS 
HS 
S 
00 vs. 500 
a 
.02 NS 
TABLE 29 
Analysis of Variance - Omitting Fringe. 
Source D.F, S.S. M.S. Fi pooled 
Stages 5 570.9 114.20 Expect sign, here 
Aspect 3 2.3 .77 S S 
Elevation 2 •9 .*5 NS NS 
S x A 15 1.9 .13 NS 
S x S 10 1.8 .18 NS • 
A x E 6 3.6 .60 S HS 
S x A x E 27 5.7 .Zk*sd 
Total 68 587.1 
TABLE 30 
Duncan Multiple Range Test - l6 Stations 
Stations 
Asoect 4*> Elevation Mean 
H 1000 8*66? 
S 1000 8.167 
E 00 8.167 
E 500 8.000 
N Fringe 7.833 
N 00 7.833 
N 500 7.333 
S 00 7.833 
s 500 7.667 
E 1000 7.667 
W 500 7.667 
w 1000 7.667 
w 00 7.500 
E Fringe 7.500 
s Fringe 7.333 
w Fringe 7.333 
Groups 
T 
TABLE 31 
Mean of Stage Peaks 
Insect Stage Fhinge All Except 
N-l.S-1, 3-0 N-1,S-1 
I 3.500 3.556 4.66? 
II 5.250 5.667 6.333 
HI 6.500 6.889 7.333 
IV 8.000 8.000 8.333 
V 9.500 10.000 10.333 
Pupae 12.250 12.333 13.000 
TABLE 32 
Temperature - 12 mile arm, S, E, W. 
Analysis of Variance 
Source D. F. S* S. M. S. F. 
Between 3 
Within 3 6 
61.547 a>.516 
9201.563 255.599 
HS 
Precipitation - Houseboat, N, E, W. 
Analysis of Variance 
Source D. F. S. S, M, S. F. 
Between 3 .209 .070 NS 
Within 36 68.904 1.914 
Humidity - N, S, E, W. 
Analysis of Variance 
Source D.F. S.S. M.S. ?. 
Between 3 274.135 91.378 NS 
Within 36 1563.805 43.439 
TABLE 33 
Regression Analysis Data for the 3 Delayed 
Stations and the Rerainaing 13 Sample Stations. 
Date of 
Bodworm 
Peak 
Dudworm 
stage by 
instar 
& pupa 
Peak of 
stage by 
weeks 
from 
May 22 
Cumulative 
Mean Daily 
Temperature 
From May 22 
Cumulative 
Number of Days 
without 
Precipitation 
from May 22 
Y X1 
3 Delayed Sample Stations 
X2 
June 23 I 4.667 1949.2 6 
July 4 II 6.333 2546.7 9 
July 11 III 7# 333 2953.1 11 
July 18 IV 8.333 3387.8 17 
August 1 V 10.333 4264.7 29 
August 21 Pupa 13.000 5484.0 46 
13 Remaining Sanple Stations 
June 15 I 3.556 1493.4 2 
June 30 II 5.667 2318.7 6 
July 8 III 6.889 2771.5 9 
July 17 IV 8.000 3330.8 15 
July 31 V 10.000 4301.2 27 
August 15 Pupa 12.333 5118.6 39 
TABLE 34 
Analysis of Variance from Regression of Three Delayed Stations - 
N~l, S-l, E-0 
Source D.F. s. s. M. S. F. 
Total 
Acct.for 
5 44.220 
straight line 1 44.131 44.131 VHS 
Deviation from 
straight line 4 .088 .022 
2nd degree 
Deviation from 
2 44.141 22,070 
.026 
VH3 
2nd degree 
Acct. for 
3 .079 
2nd degree less 
that acct.for by 
straight line 1 .009 .009 NS 
Analysis of Variance from Regression of all except the Three Delayed 
or the Remaining 13 Sample Stations. 
Source D.F. S.S. M. S. F. 
Total 
Acct.for 
5 48.798 
**8.737 straight line 
Deviation from 
1 **8.737 
.061 
VHS 
straight line 4 .015 
2nd degree 
Deviation from 
2 **8.739 24.369 VHS 
2nd degree 
Acct. for 
2nd degree less 
that acct.for by 
3 .059 .020 
straight line 1 .002 .002 NS 
TABLE 35 
Horizontal and Vertical Distribution within the Tree Crown 
Analysis of Variance 
Source D.F* S. 3, M.S. P. 
Aspect 2 10.034 5.017 HS 
Vertical 2 17.058 8.529 HS 
Horizontal 3 1.473 .491 NS 
A x V \ 
Ax H ) 
V x H \ 
Ax VxH ) 
28 16.264 .581=s2 
Total 35 44.829 
TABLE 36 
Efeg Distribution 
Analysis of Variance 
Source D*F. S.S. M.S. F* 
Aspect 3 23289.180 7763.060 NS 
Elevation 2 24332.167 12191.084 NS 
Error 6 29422.320 4903.720 
Total 11 77093.667 
APPROVED; 
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